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MS-275 sensitizes osteosarcoma cells to Fas ligand- 
induced cell death by increasing the localization of Fas 
in membrane lipid rafts 

K Rao-Bindal 1 , Z Zhou 1 and ES Kleinerman*' 1 

Fas expression is inversely correlated with the metastatic potential of osteosarcoma (OS) cells to the lungs. Fas + cells are 
rapidly eliminated when they enter the lungs via their interaction with constitutive Fas ligand (FasL) on the lung epithelium, 
whereas Fas" OS cells escape this FasL-induced apoptosis and survive in the lung microenvironment. Upregulation of Fas 
expression in established OS lung metastases results in tumor regression. Here, we demonstrate that treatment of Fas" 
OS cells with the histone deacetylase inhibitor MS-275 results in the upregulation of Fas mRNA and sensitizes these cells to 
FasL-induced apoptosis. However, flow cytometry analysis revealed that Fas cell surface protein expression was not 
significantly increased. Rather, we observed increased levels of Fas within the membrane lipid rafts, as demonstrated by an 
increase in Fas expression in detergent-insoluble lipid raft fractions and colocalization with GM1 + lipid rafts. We had previously 
shown that MS-275 treatment inhibited expression of the anti-apoptotic cellular FLICE-inhibitory protein (c-FLIP). Here, we 
demonstrated that transfection of cells with short hairpin RNA to c-FLIP also resulted in the localization of Fas to lipid rafts. 
Overall, our studies indicate that MS-275 sensitizes OS cells to FasL by upregulating the expression of Fas in membrane lipid 
rafts, which correlates with the c-FLIP-dependent distribution of Fas to lipid rafts. 
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Fas and Fas ligand (FasL) are complementary receptor-ligand 
proteins. 1 Fas is expressed in many types of tissues, whereas 
FasL is expressed in only four organs in the body, one of 
which is the lungs. 1 ' 2 We previously demonstrated that Fas 
expression is inversely correlated with metastatic potential of 
osteosarcoma (OS) cells. 3 This finding is highly significant 
because the FasL + lung is the most common, and usually the 
only, site for OS metastasis. 4 We have also shown that agents 
that upregulate Fas expression induce the regression of 
established OS lung metastasis in vivo. 5 ~ 8 This therapeutic 
activity depends on an intact Fas signaling pathway. 7 There- 
fore, understanding the mechanism of how drugs induce Fas 
upregulation or enhance sensitivity to FasL may help identify 
novel therapeutic agents for the treatment of patients with OS 
lung metastases. For therapeutic purposes it is also important 
to understand how OS cells evade Fas-induced cell death 
triggered by the interaction of Fas with FasL. 

Fas-induced apoptosis involves the binding of Fas receptor 
with its ligand, which induces the recruitment of Fas- 
associated death domain (FADD) and procaspase-8, leading 
to the activation of caspase-8 by autocatalytic cleavage. 
Activated caspase-8 can either directly cleave effector 
caspases or Bid. Cleaved Bid can then translocate to the 
mitochondria and induce the activation of capase-9, leading 
to the activation of effector caspases. 9 A direct inhibitor of 



Fas-mediated apoptosis is cellular FLICE-inhibitory protein 
(c-FLIP), which functions by competitively binding to FADD 
and inhibiting the cleavage of procaspase-8. 10 Cancer cell 
lines and primary cells and tissues from patients have been 
found to overexpress c-FLIP. 6,24-31 As overexpression of 
c-FLIP is associated with increased resistance to death 
receptor pathways, several investigators have found that 
downregulation of c-FLIP results in the sensitization of tumor 
cell lines to Fas-mediated apoptosis. 

Recent studies have shown that upon Fas stimulation, the 
Fas receptor forms an aggregate and is then redistributed 
to lipid rafts. 11-13 It is within these lipid rafts that FADD and 
caspase-8 are recruited to form the death-inducing signaling 
complex (DISC) to initiate apoptosis. 13 It has been reported 
that Fas signals through ceramide-rich lipid rafts and 
pretreatment of cells with cholesterol-blocking reagents, 
which disrupt membrane lipid rafts, inhibits Fas signaling, 
thereby preventing apoptosis. 14 Taken together, these stu- 
dies suggest that Fas redistribution to lipid rafts occurs upon 
stimulation and is required for Fas-mediated apoptosis. 

We previously demonstrated that the histone deacetylase 
(HDAC) inhibitor MS-275 sensitized Fas" OS cells to FasL- 
induced cell death. 15 HDAC inhibitors are a promising class 
of anticancer therapeutics that interfere with the function of 
HDACs to promote the acetylation of histones, therefore 
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affecting gene transcription. Although several groups have 
identified probable mechanisms of HDAC inhibitor cytotoxi- 
city, the effect of these drugs on the Fas pathway, particularly 
in OS, is not well understood. Blocking the Fas pathway by 
introducing dominant-negative FADD abrogated this effect. 15 
This result suggests that the Fas signaling pathway has a role 
in the ability of MS-275 to sensitize cells to FasL-induced 
apoptosis. One way to enhance cell sensitivity to FasL is to 
upregulatethe expression of the Fas receptor. Here, we report 
that MS-275 upregulates the expression of Fas mRNA and 
protein and induces the redistribution of Fas to membrane 
lipid rafts. We have also demonstrated that MS-275 decreases 
c-FLIP expression in OS cells. 16 In this study, we demonstrate 
that the downregulation c-FLIP alone also leads to the 
redistribution of Fas to lipid rafts and sensitizes cells to 
FasL. Our findings indicate that therapeutic agents that 
increase Fas localization to lipid rafts or those that decrease 
c-FLIP expression may be useful in sensitizing OS cells to 
FasL-induced apoptosis. 

Results 

MS-275 sensitizes Fas OS cells to FasL-induced 
apoptosis. The cytotoxic effects of MS-275 were quantified 
using human OS cell lines LM7 and CCH-OS-D. Both cell 
lines express low levels of Fas and are highly metastastic 
when injected into nude mice. 3 ' 17 As expected, these cells 
were not sensitive to soluble FasL (sFasL) alone (Figure 1). 
By contrast, treatment of cells with MS-275 increased cell 
sensitivity to sFasL (Figure 1). Cytotoxic levels in cells 
treated with both MS-275 and sFasL were higher than those 
treated with MS-275 alone. 

Increased Fas mRNA and protein facilitates FasL bind- 
ing following treatment of OS cells with MS-275. HDAC 
inhibitors act on histone acetylation to regulate gene 
expression. We therefore sought to determine whether MS- 
275 induced a change in Fas expression in LM7 and 
CCH-OS-D cells. Following treatment of both cell lines with 
MS-275, there was an increase in Fas mRNA that peaked 
at 24 h after addition of MS-275 (Table 1 ). There was also an 



increase in Fas protein expression that was time dependent 
(Figure 2a). In contrast, the cell surface expression of Fas, as 
detected by flow cytometry, did not change after addition of 
MS-275 (Figure 2b). However, MS-275 treatment did result in 
a significant increase in sFasL binding (Figure 2b). These 
results suggest that the increased Fas protein induced by 
MS-275 may be in specific membrane compartments not 
detectable by flow cytometry. 

Lipid rafts are required for MS-275-induced sensitization 
to FasL. Recent studies have demonstrated the impor- 
tance of membrane lipid raft platforms in Fas receptor 
signaling. 11-13 To determine whether there was increased 
Fas expression in the lipid rafts following MS-275 treatment, 
we performed sucrose gradient density centrifugation to 
extract the lipid rafts. The cholesterol content was increased 
in fractions 3-6, confirming the presence of lipid rafts in these 
fractions (Figure 3a). Western blot analysis with an antibody 
against the lipid raft marker, cholera toxin B subunit (CTxB)- 
GM1, confirmed that fractions 3-6 contained lipid raft 
proteins, whereas fractions 7-9 contained non-raft proteins 
as determined by transferrin receptor expression, a protein 
that is excluded from lipid rafts (Figure 3b). Compared with 
untreated control cells, cells treated with MS-275 displayed 
increased Fas expression in the lipid raft fractions 
(Figure 3b). These results suggest that the increase in Fas 
protein induced after MS-275 treatment was in lipid raft 



Table 1 MS-275 increases Fas mRNA expression 



Treatment 


Fas mRNA expression (fold increase) 


LM7 


CCH-OS-D 


Untreated 


1 


1 


MS-275 12 h 


2.3 ±0.85 


1.9 ±0.82 


MS-275 24 h 


7.2 ±1.49 


3.3 ±0.76 


MS-275 48 h 


3.4 ±0.93 


1.5 ±0.3 



Abbreviation: OS, osteosarcoma. OS cells were treated with 2^M MS-275 
for 24 h. RNA was isolated from cells using Trizol reagent, and quantitative 
real-time PCR was performed using primers specific for Fas. Data show the 
average and S.D. of five independent experiments. 




Figure 1 MS-275 sensitizes OS cells to FasL-induced apoptosis. LM7 and CCH-OS-D cells were treated with sFasL for 24 h, 2^M MS-275 for 48 h, or both. The 
percentage of apoptotic cells was determined using the acridine orange/ethidium bromide staining assay. Stained cells were visualized using a fluorescent microscope, and 
apoptosis was determined as the percentage of apoptotic cells out of 1 00 counted cells. The average and S.D. of three independent experiments is shown. For MS-275 versus 
MS-275 and sFasL in combination, P=0.02 and P=0.01 for LM7 and CCH-OS-D, respectively 
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Figure 2 Fas cell surface expression and FasL binding after MS-275 treatment, (a) LM7 and CCH-OS-D cells were treated with MS-275 or control medium, lysed using 
NP40 buffer, and subjected to western blot analysis using antibodies against Fas and /?-actin. Data represent one of three independent experiments, (b) Cells were treated 
with 2 fM MS-275 for various time periods, then analyzed by flow cytometry using Fas-PE (P> 0.05 for untreated versus 1 2, 24, and 48 h; top panel) or FLAG-PE (P< 0.05 for 
untreated versus 12, 24, and 48 h; bottom panel) to detect sFasL binding. A representative example of three independent experiments at 48 h is shown 



microdomains rather than the non-raft regions of the cell 
surface. 

To further confirm the localization of Fas, immunofloure- 
sence staining of Fas and CTxB-GM1 was performed. 
Untreated cells had low levels of Fas expression localized 
outside of lipid rafts, whereas cells treated with MS-275 had 
significantly increased colocalization of Fas within GM1 + lipid 
rafts (Figures 3c and d), confirming our results from the 
fractionation studies. 

If localization of Fas in lipid rafts is required for MS-275- 
induced sensitization of cells to sFasL, then inhibiting lipid raft 
formation should abrogate this effect. To test this hypothesis, 
the cholesterol sequester methyl-/?-cyclodextrin (M/?CD) was 
used to deplete cholesterol and inhibit lipid raft formation 
in the cells before treatment with MS-275. Reduced choles- 
terol content was confirmed (Figure 4a). Cells were then 
treated with MS-275, sFasL, or both and the cytotoxicity 
was assessed using a clonogenic assay. As anticipated, 
pretreatment of cells with M/?CD reduced both the cholesterol 
content and the cytotoxicity associated with the combination 



of MS-275 and sFasL (Figures 4a, b and c). These results 
suggest that Fas distribution in the lipid rafts is required for 
MS-275-induced sensitization to sFasL. 

c-FLIP regulates the localization of Fas in lipid rafts. We 

previously demonstrated that MS-275 downregulates c-FLIP 
expression in OS cells and in OS lung metastases following 
oral administration of MS-275. 16 We therefore investigated 
whether the MS-275-induced redistribution of Fas to the lipid 
rafts was mediated by an effect on c-FLIP. Cells with 
decreased c-FLIP expression were generated by transfection 
of cells with short hairpin RNA (shRNA) to c-FLIP. 
Quantitative real-time PCR and western blot analysis 
confirmed a significant decrease in c-FLIP expression 
following transfection with shRNA (Figures 5a and b). Fas 
expression in lipid raft and non-raft fractions was then 
investigated. Inhibiting c-FLIP increased Fas expression in 
lipid raft fractions compared with control sh-scrambled- 
transfected cells (Figure 5c). Amplex red assay was used 
to confirm separation of lipid raft fractions (Figure 5d). 



Cell Death and Disease 



Fas is localized to lipid rafts following MS-275 treatment 

K Rao-Bindal etal 





d LM7 CCHOS-D 




i 1 — 0 J — 1 1 1 

Untraaltd MS-275 Untrtlttd MS-275 



Figure 3 MS-275 increases Fas expression in GM1 + lipid rafts, (a) Amplex red assay was performed to determine the cholesterol content after lipid raft fractionation. 
Fractions 3-6 were confirmed to contain higher cholesterol content, (b) LM7 and CCH-OS-D cells were treated with 2 /^M MS-275 or control medium for 48 h. Cells were lysed 
with Triton X-100, and the lysates were subjected to sucrose density gradient centrifugation. Each gradient fraction was analyzed by western blotting for Fas, CTxB-GM1 , and 
transferrin receptor. Fractions 3-6 were confirmed to contain GM1 + lipid rafts, whereas fractions 7-9 represented proteins found in the non-raft region, (c) Cells were treated 
with 2 fiM MS-275 for 48 h, fixed with 4% paraformaldehyde, and incubated with anti-CTxB-GM1 Alexa Fluor 594 antibody or anti-Fas antibody followed by anti-mouse Alexa 
Fluor 488 antibody. Stained slides were visualized under a fluorescent microscope. Areas of yellow represent colocalization. All data are representative of three independent 
experiments, (d) The colocalization of CTxB and Fas-positive areas (yellow area) were quantified by the Simple PCI software. The average relative expression was calculated 
from the data in five random fields, the bar is the S.E. *P= 0.01 and **P= 0.001 for untreated versus MS-275-treated cells in LM7 and CCH-OS-D, respectively 



Further, the inhibition of c-FLIP increased the colocalization 
of Fas in GM1 + lipid rafts (Figure 5e). These studies indicate 
that inhibition of c-FLIP can enhance the expression of Fas in 
lipid raft regions. 

Discussion 

Accumulating evidence suggests that downregulation of Fas 
or corruption of the Fas signaling pathway has a critical role in 
the formation of OS lung metastases. 3 ' 7 ' 18-21 In contrast to 
primary tumors, which contain a mixed population of Fas + 
and Fas ~ cells, OS lung metastases are Fas ~ 7 As the lung is 
one of the few organs to expresses FasL, this implicates the 
role of the lung microenvironment in the elimination of the 
Fas + OS cells, leaving only Fas" cells to form metastases. 
Indeed, we have shown that Fas + OS cells are rapidly cleared 
from the lung while Fas - cells remain. 19 In addition, we 
previously showed that the upregulation of Fas in established 
Fas" OS lung metastases results in tumor regression. 22 



Therefore, agents that increase Fas expression may have 
therapeutic potential for patients with OS lung metastases. 

Initial studies demonstrated that selective inhibition of 
HDAC-1 or HDAC-3 resulted in the upregulation of Fas 
mRNA in OS cells. 23,24 Here, we showed that MS-275, an 
HDAC 1/3-specific inhibitor, sensitized Fas" OS cells to 
FasL-induced cell death. We also demonstrated that treat- 
ment of cells with MS-275 upregulated Fas mRNA and protein 
levels. However, flow cytometry was unable to demonstrate 
an increase in Fas expression on the cell surface. Interest- 
ingly, treatment of cells with MS-275 increased binding to 
sFasL, which suggested an enhanced availability of Fas 
receptor on the cell membrane and that Fas may be localized 
to specific membrane compartments. 

Much of the recent focus in death receptor signaling has 
been on the importance of lipid rafts as platforms for Fas 
receptor signaling. 11-14 Our results provide the first evidence 
that treatment of OS cells with an HDAC inhibitor results in 
increased localization of the Fas receptor in lipid raft 
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Figure 4 Lipid rafts are required for MS-275-induced sensitization to FasL. LM7 and CCH-OS-D cells were pretreated with 20 fiM M^CD for 1 h and then treated with 2 
MS-275 for 48 h, sFasL for 24 h, or both, (a) Cholesterol content following MfiCD treatment was measured using the Amplex red assay, (b) Cytotoxicity with or without MfiCD 
was assessed using a clonogenic assay, (c) Quantified number of colonies of four independent experiments. Data show average and S.D. 
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Figure 5 Inhibition of c-FLIP increases localization of Fas in lipid rafts, (a and b) Expression of c-FLIP mRNA and protein was determined by quantitative real-time 
PCR and western blot, respectively, in cells transfected with empty vector (negative control), sh-scrambled clones, and shFLIP-knockdown clones, (c) Cells were lysed 
with Triton X-100 and lysates subjected to sucrose density gradient centrifugation. Each gradient fraction was analyzed by western blotting for Fas, CTxB-GM1, and 
transferrin receptor (TfR). (d) Amplex red assay was used to confirm higher cholesterol content in fractions 3-6. Data are representative of three independent experiments, 
(e) Immunoflourescence staining was performed using anti-CTxB-GM1 Alexa Fluor 594 antibody or anti-Fas antibody followed by anti-mouse Alexa Fluor 488 antibody. 
Areas of yellow represent colocalization 



microdomains, as revealed by our analysis of sucrose 
gradient fractionation and enhanced colocalization of Fas 
with GM1 + lipid rafts. These findings are supported by our 
observation that disruption of lipid rafts with the cholesterol 
sequester M/?CD abrogated the ability of MS-275 to sensitize 
OS cells to sFasL 

Death-receptor-induced apoptosis is inhibited by c-FLIP, 
and overexpression of c-FLIP can confer resistance to 
Fas-mediated apoptosis. 25-29 We previously demonstrated 



that MS-275 treatment results in the downregulation of c-FLIP 
mRNA and protein in OS cells. 16 In addition, oral administra- 
tion of MS-275 in mice with established OS pulmonary 
metastases decreased c-FLIP protein levels in tumors. 16 
c-FLIP has recently been shown to regulate the distribution of 
the death receptors DR4 and DR5 in lipid rafts. 30 We therefore 
investigated whether altering c-FLIP would affect the localiza- 
tion of Fas in lipid rafts. Using shRNA transfection to inhibit 
c-FLIP expression, we demonstrated that downregulation of 
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c-FLIP in OS cells increased Fas localization in GM1 + 
lipid rafts. Our findings suggest a novel role for c-FLIP in 
mediating the Fas-specific distribution in lipid rafts as 
well as the mechanism by which MS-275 increases the 
localization of Fas to the lipid rafts and sensitizes OS cells 
to FasL. 

There is an ongoing need for novel therapeutic strategies 
for patients with OS lung metastases. Overall, we demon- 
strated that the HDAC inhibitor MS-275 sensitizes OS cells to 
FasL-induced cell death by increasing the expression of Fas 
in lipid raft microdomains, which correlates with c-FLIP 
downregulation. Oral MS-275 administered to mice with OS 
lung metastases resulted in decreased c-FLIP in the tumor 
nodules and tumor regression. 16 Thus, modulating Fas 
distribution in lipid rafts by inhibiting c-FLIP may be a novel 
therapeutic strategy for treating OS lung metastases cells that 
have lost Fas expression. Upregulating the Fas expression in 
the lipid rafts may induce tumor susceptibility to the FasL + 
lung microenvironment. This is an example of how the tumor 
microenvironment can be harnessed to eradicate metastatic 
cells. Therapeutic strategies aimed at altering tumor Fas 
expression may therefore have a role in the treatment of 
metastatic OS in the lungs. 

Materials and Methods 

Cell lines and reagents. Human OS LM7 and CCH-OS-D cells were 
maintained in complete Dulbecco's modified Eagle's medium (Whittaker 
Bioproducts Inc., Walkersville, MD, USA) supplemented with 10% heat-inactivated 
bovine serum (Intergen, Purchase, NJ, USA). The LM7 cells were derived from 
SAOS-2 cells in our laboratory by recycling through the lungs of nude mice. 17 
CCH-OS-D cells were a kind gift from Dennis Hughes, MD, PhD (Division of 
Pediatrics, The University of Texas MD Anderson Cancer Center). All cell lines 
were mycoplasma-negative and validated by short tandem repeat DNA 
Fingerprinting using the AmpFLSTR Identifier kit (Applied Biosystems, Carlsbad, 
CA, USA). The authenticity of cells was determined by the Characterized Cell Line 
Core at The University of Texas MD Anderson Cancer Center. Super FasL 
(human recombinant sFasL) was purchased from Enzo Life Sciences, Inc. 
(Farmingdale, NY, USA). MS-275 was a generous gift from Syndax 
Pharmaceuticals, Inc. (Waltham, MA, USA). The lipid raft-inhibiting agent MfiCD 
was purchased from Sigma-Aldrich, Inc. (St. Louis, MO, USA). 

Cytotoxicity and apoptosis assays. Clonogenic assays were performed 
to assess the cytotoxicity of OS cells after the addition of 10 ng/ml sFasL for 24 h, 
2fM MS-275 for 48 h, or both. Cells were pretreated with M/?CD for 1 h. The 
medium was then removed, and the cells were allowed to grow for 12 days, 
washed with PBS, and fixed with formalin. Cells were then stained with 0.4% 
crystal violet for 30min, and colonies were counted. Clonogenic assays were 
performed in triplicate. The acridine orange/ethidium bromide assay was used to 
measure apoptosis. Cells were plated in 4-well slides and treated with 10 ng/ml 
sFasL for 24 h, 2 ^M MS-275 for 48 h, or both. The conventional acridine orange/ 
ethidium bromide staining protocol was performed following the guidelines from 
Current Protocols of Immunology. 31 ' 32 Briefly, an acridine orange/ethidium 
bromide dye mix, containing 100 /ig/ml acridine orange (Sigma-Aldrich, Inc.) 
and 100 /^g/ml ethidium bromide (Sigma-Aldrich, Inc.), was added to each well 
and the cells were visualized using a fluorescent microscope. Apoptosis was 
determined as the percentage of apoptotic cells out of all counted cells. The 
assay was performed in triplicate, and data were averaged. 

Flow cytometry and ligand-binding assay. One million OS cells were 
suspended in FACS buffer (PBS, containing 2% fetal calf serum and 0.1% sodium 
azide) and incubated with either 1.0mg/ml PE-conjugated mouse anti-human Fas 
antibody or anti-human FLAG antibody (ProZyme, Hayward, CA, USA) to detect 
Fas and FasL expression, respectively. PE-conjugated isotype-control IgG 
antibodies were used as negative controls. Samples were analyzed using a 
FACScan (Becton Dickinson, Mountain View, CA, USA). 



Quantitative real-time PCR. Total RNA was isolated from OS cells using 
Trizol reagent (Life Technologies, Inc., Gaitherburg, MD, USA). RNA was 
then reverse transcribed using a Reverse Transcription System (Promega Co., 
Madison, Wl, USA). The resulting cDNA was used for PCR amplification with 
SYBR green buffer (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and specific 
primers for Fas (S'-GGCTATAGATCACCTTCATGTA-S' and 5'-GCAGTTAACT 
CAGGGACCAAG-3'). Primers for /?-actin were used as controls. Quantitative real- 
time PCR was performed in triplicate using the Bio-Rad 105 real-time PCR 
detection system. Cycling conditions were 95 °C for 3min, 45 cycles of 59 °C 
annealing for 30 s, 95 °C for 30 s, and 60 °C for 1 min. 

Western blotting and antibodies. OS cells were collected and lysed 
using NP-40 buffer (for Fas) or radioimmunoprecipitation buffer (for c-FLIP). Equal 
amounts of protein were separated on a 10% SDS-PAGE gel and blotted to the 
nitrocellulose membrane (Amersham Biosciences Corp., Piscataway, NJ, USA). 
The membranes were blocked with 5% non-fat dry milk in PBS containing 0.1% 
Tween-20 and then incubated with either anti-Fas antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) or anti-FLIP antibody (NF6; Enzo Life 
Sciences, Inc.) according to the manufacturer's instructions. 

Immunoflourescence staining. LM7 and CCH-OS-D cells were cultured 
in 4-well chamber slides and were either untreated or treated with 2 ^M MS-275 
for 48 h. Cells were fixed with 4% paraformaldehyde in PBS for 30 min. Samples 
were then incubated with anti-CTxB antibody conjugated to Alexa Fluor 594 
(Molecular Probes, Eugene, OR, USA) at 4°C overnight. After washing 
three times with PBS, the samples were incubated with anti-Fas antibody 
(BD Biosciences, Franklin Lakes, NJ, USA) at 4°C overnight, followed by anti- 
mouse Alexa Fluor 488 antibody (Jackson ImmunoResearch, West Grove, PA, 
USA) at 37 °C for 2 h. After being washed with PBS, the samples were mounted 
and visualized with a fluorescent microscope. The colocalization of CTxB- and 
Fas-positive areas (yellow area) were quantified by the Simple PCI software 
(Hamamastu, Bridgewater, NJ, USA) in five random fields. The average 
relative expression and S.E. was calculated from the data in MS-275-treated 
and -untreated cells. 

Generation of c-FLIP shRNA-expressing clones. To stably knock 
down c-FLIP expression, OS cells were transduced with retroviruses-expressing 
shRNA-cFLIP, shRNA-scrambled, or vector pGFP-V-RS (Origene Technologies, 
Inc., Rockville, MD, USA). Cells were grown in medium containing puromycin to 
select for stably transfected clones. shRNA constructs were tested for knockdown 
using western blot analysis with an antibody against c-FLIP (NF6) and by 
quantitative real-time-PCR using primers against c-FLIP (5'-ACCGAGACTACGAC 
AGCTTTGTG-3' and 5'-CAATGTGAAGATCCAGGAGTGGG-3'). The pGFP-V-RS 
vector containing the 29-mer shRNA sequence 5'-TGCACAGTTCACCGAGAAGC 
TGACTTCTT-3' (ID: GI355835) exhibited >80% c-FLIP knockdown. 

Lipid raft fractionation and cholesterol assays. Lipid raft fractions 
were isolated using the Caveolae/Rafts isolation kit (Sigma-Aldrich, Inc.) 
performed according to the manufacturer's instructions. Briefly, samples were 
centrifuged and the pellet was extracted with lysis buffer containing 1% Triton 
X-100 and incubated on ice for 30 min. Lysates were mixed with cold OptiPrep 
density gradient medium and then overlaid with 35, 30, 25, 20, or 0% OptiPrep in 
an ultracentrifuge tube. Samples were then centrifuged at 200000 x g using a 
fixed angle rotor for 4 h at 4 °C. Nine 1-ml fractions were collected from the top to 
the bottom of each tube. Western blotting was performed with antibodies against 
Fas (Santa Cruz Biotechnology), HRP-conjugated CTxB (Sigma-Aldrich, Inc.) as a 
lipid raft marker, or transferrin receptor (Invitrogen Corporation, Carlsbad, CA, 
USA) as control. An Amplex red assay kit was used to measure the cholesterol 
content in samples according to the manufacturer's protocol (Invitrogen 
Corporation). 

Statistical analysis. Statistical comparisons of groups were performed using 
student f-test using the GraphPad Prism 5 software (GraphPad Software, La Jolla, 
CA, USA) program. A P-value of <0.05 was deemed as statistically significant. 
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